The most general Lagrangian consistent with chiral, heavy quark, and strong interaction symmetries to order 
I. INTRODUCTION
The incorporation of chiral and heavy quark symmetries into a Lagrangian governing the interactions of heavy mesons with pseudo-Nambu-Goldstone bosons leads to new relations among heavy meson leptonic and semi-leptonic form factors. Because the charm quark mass is not large, and the strange mass not small, one expects significant deviations from the heavy quark and chiral limits in many processes. It is therefore important to compute these corrections both to improve the accuracy of theoretical relations and to test the validity of the perturbative expansion. SU(3) corrections to heavy meson decay constants have been found to be around 20% in a chiral log approximation [1] . There is suggestive evidence that there are, in addition, large heavy quark symmetry violations [2] [3] [4] , although the question remains open [5] . However, the leading corrections to decay constants which violate both chiral and heavy quark symmetries have not, to our knowledge, been examined. That is the primary purpose of this paper.
Quantities which are sensitive only to violations of both symmetries, such as the ratio
can be predicted with greater accuracy [6] , and can provide information on
and m s Λ χ coupling constants. These couplings also enter into such processes as B → D and B → K semileptonic decays, B − B mixing, and hyperfine mass splittings [7, 8] .
To see how R 1 deviates from unity requires the heavy quark chiral Lagrangian to O( 1 M ). We derive both the Lagrangian and the heavy-light current to this order in the next section. We also present analytic counterterms linear in the light quark mass matrix.
Implications for B → πlν decays are then considered, with emphasis on separately heavy quark or chiral symmetry violating quantities. The remainder of the paper is devoted to a computation of the leading heavy quark and chiral symmetry violating corrections to heavy meson decay constants, including both analytic and nonanalytic contributions.
The low momentum strong interactions of B and B * mesons are governed by the chiral
Operators suppressed by powers of the heavy meson mass 1 1/M B , factors of a light quark mass m q , or additional derivatives have been omitted. The field ξ contains the octet of pseudo-Nambu-Goldstone bosons
where
The bosons couple to heavy fields through the covariant derivative and the axial vector
Both the vector and axial vector fields are traceless, A µ aa = 0 = V µ aa . Since f π and f K are equivalent at tree level, we will use f π ≃ 132 MeV when pions are involved, and
Under chiral SU (3) L × SU (3) R transformations,
where L and R are elements of SU (3) L and SU (3) R , respectively, and U is defined implicitly by Eq. (6) . The B and B * heavy meson fields are incorporated into the 4 × 4 matrix
The four-velocity of the heavy meson is v µ , and the index a runs over light quark flavor.
The bar over B will sometimes be omitted for notational simplicity. Under SU (2) v heavy quark spin symmetry and chiral SU (3) L × SU (3) R symmetry, H a transforms as
1 Unless the deviation of the expansion mass from M B is suppressed by where S ∈ SU (2) v . The covariant derivative has simple transformation properties under
and
The left handed current is represented by
where Γ = γ λ (1 − γ 5 ). Tree level matching to the definition of the decay constant f B gives
All formulas hold for the D meson as well, after the substitution
Thus the axial coupling constant g is responsible for D * → Dπ decays.
II. 1/M CORRECTIONS
To go beyond leading order, we make some approximations based on the formal hier- 
we do not make assumptions about the size of the ratio m π /∆.
New parameters appear in the Lagrangian and current beyond leading order. Since there are more experimental observables than parameters, verifiable relations will exist. As a means to organize the calculation, we will use B → πlν and its symmetry-related decays to fix, in principle, as many of these parameters as possible, then describe the various B and D decay constants in terms of these parameters. Accordingly, we will examine corrections to B → πlν form factors which violate either SU(3) or heavy quark symmetry, but not both. Since SU(3) loop corrections have been computed elsewhere [10] , this task requires only the use of tree graphs. Both loop graphs and analytic counterterms, however, enter into decay constant calculations. For decay constants, we include terms which violate SU(3) and heavy quark symmetry simulataneously.
For m s = 0, operators appearing in the Lagrangian at O( 1 M ) may be either dimension four, with dimensionful coupling constants of order Λ, or dimension five, with additional derivatives. As will become evident, dimension five operators containing multiple factors of the axial or vector fields A or V will be relevant to neither tree level B → πeν nor one-loop decay constant calculations, so they will be ignored. The remaining higher derivative operators formally give contributions to B → πeν of order
, where k is the pion momentum, so they can be neglected to this order in the chiral expansion. This approximation is best in the kinematic region k ∼ m π . Similar statements apply to higher derivative operators in the current. These operators could also enter the calculation of the decay constants, but their O( ) contributions vanish, as we shall see below explicitly. Such higher derivative operators will be included in our construction of the Lagrangian and current, but we will show that they play no role in the final results.
An important restriction on the Lagrangian is that it satisfy velocity reparametrization invariance (VRI). To ensure a velocity reparametrization invariant Lagrangian [11] , one must use velocities and derivatives on heavy fields in the combination
should also use fields which transform by only a phase under velocity reparametrization.
Such a field isH
where D µ is the covariant derivative.
The VRI consistent Lagrangian resulting from generalizing Eq. (2) in this way is
VRI fixes the coefficients of the 
where T is a dirac matrix obeying T γ µ T −1 = γ * µ . Since the pseudoscalars transform as Π (x) → −Π (−x), the axial current transforms as A µ (x) → A µ (−x). The condition of time reversal invariance then forbids operators such as Tr
The most general form of the heavy meson Lagrangian subject to the above constraints is
where all couplings are taken to be real. The effect of and
, respectively, so we will ignore the λ 2 term once we make this shift.
We may take ǫ 1 and ǫ 2 to be zero by making a spin and flavor dependent renormalization of the heavy meson fields and then redefining the coupling constants to absorb the ǫ dependence. The current is then constructed using the new, properly normalized, fields.
VRI implies δ 0 = 1 2 and δ 1 = g. However, we will eventually show that all the higher derivative terms (with coefficients δ i ) contribute only at order 1 M 2 , so we will omit these terms for now. 
where 
) being the SU(3) mass splitting. Omitting operators which are irrelevent to the calulations at hand allows us to write the simplified Lagrangian
The two new flavor violating terms appearing at this order correspond to spin symmetric and spin dependent axial coupling renormalizations. As such, we expect them to affect heavy meson interactions generically at O( 1 M ). For example, they will enter into heavy quark and chiral symmetry violating corrections to semileptonic B → D and B s → D s form factors, as well as to hyperfine mass splittings. Previous work has neglected the effects of these couplings [8, 12] .
The chiral representation of the left handed current q aL Γb proceeds similarly. The SU(3) preserving current is
where Γ = γ λ (1 − γ 5 ). Coefficients with even subscripts multiply heavy quark spin vi- 
, can be rewritten in terms of the listed operators by use of the identities iD
The last term in Eq. (18) 
where ǫ v is the polarization vector for the effective field H v . The last relation follows from transforming ǫ v to ǫ v via a Lortentz boost [11] .
We are now in a position to compute corrections to meson decays at O(
the quantity which is extracted from either the D * + width [13] or the D * → Dγ branching ratio [14] . This leads to
The decay constants defined by
are altered only by current corrections at this order:
In principle, knowledge of f B ,f B * ,f D ,f D * , and Γ(D * + → Dπ) would give α, ρ 1 , ρ 2 and g B . Only four couplings are determined because the decay constants must satisfy
A lattice calculation of the psuedo-scalar decay constants [2, 15] , finds
from which we estimate ρ 1 + 2ρ 2 ≈ −1.4 GeV.
By matching a O(
) calculation of f B to the same calculation [4] in the heavy quark effective field theory (HQEFT) [16] , the current corrections can be related to matrix elements in the effective theory. The two HQEFT matrix elements G 1 and G 2 , respectively related to < 0|qΓh hD 2 h|B > and < 0|qΓh hσ µν G µν h|B >, where h is the effective heavy quark field and G µν is the gluon field strength tensor, have been estimated using QCD sum rules [4] . Matching gives
, while sum rule estimates give G 1 ≈ −2.3 GeV, G 2 ≈ .05 Gev, and Λ ≈ .5 GeV. This indicates ρ 2 ≪ ρ 1 . However, the same author has recently called into question the large value of G 1 [5] . Moreover, an independent sum rule calculation gives [17] We can also compute the O( The relevant matrix elements are
Only the form factors h(p K · p B ) and f + (p K · p B ) enter into the differential partial decay rate.
The operators which match onto the heavy-light currents above are determined by equation (18) to be
The derivative suppressed terms in the current have been ignored. They give no contribution, at tree level, to f B , while for B → πlν, they are down by
The form factors implied by Fig. (1) and Eq. (23) are
where k is the pion momentum. The analogous formula for D decays apply with the
When expressed in terms of physical quantities the expression for the pole part of f
but the relation between f
and h is [19] ,
To the extent that ρ 2 is small, we expect relations between, say, B → Kµ 
For ξ → 1, the last two lines vanish, while the second line, which is SU (3) symmetric, can be absorbed by redefinitions of α, ρ 1 , and ρ 2 . Of the three remaining parameters relevent at O( 1 M , m s ), only η 0 contributes to the pole part of D → Klν form factors, so we can learn about it by looking at SU(3) violations among the form factors f + in the heavy quark limit.
The SU(3) loop corrections to these processes have been previously computed [10] , so we will present only the counterterm contributions. In the Lagrangian (17), κ 1 enters into decays involving both kaons and etas, while κ 5 enters exclusively into decays involving etas. Since the SU(3) properties of the η 0 and κ 1 terms differ, η 0 can be extracted, in principle, from the following two form factors:
These relations, augmented by the known loop corrections, relate η 0 to decay constant corrections.
III. LOOP CORRECTIONS
The leading SU(3) and heavy quark symmetry violating contributions to f B come from one loop diagrams involving both virtual kaons and O( Λ M ) heavy quark violating contact terms (with coefficients ρ 1 , ρ 2 , g 1 , g 2 ), and arise from nonanalytic dependence on the strange quark mass m s . Since this nonanalytic dependence is only generated by chiral loops, we can compute chiral and heavy quark symmetry violation, at leading order, in terms of the six parameters α, ρ 1 , ρ 2 , g, g 1 and g 2 . The formally sub-leading counterterms η 0 , η 1 , and η 2 are added to absorb the scheme and subtraction scale dependence of the loop calculation, and to make the expansion more reliable numerically.
The nonanalytic µ dependent parts of several integrals which arise during the loop computation have been compiled using dimensional regularization [10] . Here we retain the complete expression, including a pole contained in ∆ = 2 ǫ − γ + ln(4π) + 1. We will use
We choose ∆ = 0 for our calculations. The analytic terms from these integrals, which were dropped from the SU(3) loop corrections in reference [10] , are particularly easily recovered with this scheme.
The demonstration that higher derivative operators give no O( 
as well as
and ( ) means symmetrization, e.g.,
The entire nonanalytic parts of these integrals have been retained, even though we will only use the leading terms. The analytic parts, including the divergent ǫ-pole, have been 
for the B 0 , and
for the B s .
For the vector mesons, there are two graphs, Figs. (2b) and (2c). Together, they give
for the B 0 * , and
for the B * s , where J(m, x) = xJ 1 (m, x). , yields
The chiral log terms are the leading SU(3) corrections because they are logarithmically enhanced in the chiral m K → 0 limit. Whether F (m K /∆) is similarly enhanced depends on how we take the combined heavy quark and chiral limit -the behavior of the ratio m K /∆ affects the answer we get, including the coefficient of the chiral log. A consistent but non-unique scheme is to take m K → 0 holding m 2 K /Λ χ ∆ fixed. Rather than choosing a particular scheme, we retain nonanalytic terms such as F (m/(∆ + δ)). Note that while (a) (b) Figure 3 .Diagrams contributing to decay constants by modifying the current vertex.
Vertex corrections arise from the diagrams in Fig. (3) . The graph of Fig. (3b) vanishes Fig. (3a) gives,
for the B 0 meson,
for the B s ,
for the B 0 * meson, and
for the B * s . (15) and (18) with extra derivatives contribute. To justify our claim that such terms are suppressed by (18)) to the graph in Fig. (3b) . For an incoming B 0 turning into a B * s K 0 loop, the graph gives
which is suppressed by We can outline why this is the case by classifying the graphs involving higher derivative operators according to their associated integrals. The relevant vertices are grouped in 
and analogous formulas for the other decay constants. Except for the last term, this form is simply the SU(3) correction to the infinite mass limit, but with α(1 +
replacing α and g. For f B ,ĝ is simplyg B , but for f B * , we needĝ = g +
The constants g 1 and g 2 do not simply enter through the Lagrangian parameters g B and g B * ; their contributions to f B * must be computed from the diagrams.
From these equations, it follows that the ratio of decay constants R 1 is
This quantity is relevant to the extraction from B − B mixing of the Cabbibo-KobayashiMaskawa angle V ts [6] .
We can estimate the size of corrections to R 1 . Taking µ = 1 GeV and inserting known masses and constants gives
The first term contributes −6% to R 1 − 1 for g 2 = 0.5. Four new unknown parameters ρ 1 , ρ 2 , g 1 , g 2 arise at this order. Additional parameters, needed for terms suppressed by one derivative, have been presented, but the contribution of these terms to the decay constants are found to be O( Finally, the logarithmically enhanced contributions to heavy meson decay constants violating both chiral SU(3) and heavy quark symmetries can be expressed in terms of two leading order constants α and g, and four new parameters ρ 1 , ρ 2 , g 1 , g 2 . Three unenhanced counterterms η 0 , η 1 and η 2 also enter. The ratio
is expressed in terms of two unknown axial parameters and two counterterms.
In principle, measurements of f 
